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A process for forming oligomers, comprising the steps of: 

(1) formmg a reaction mixture, substantially free of solvent and 
carbojrelic acid-monomers and their salts, comprising: 

(i) oAto 99.95% by weight, based on the weight of said reaction 
mixture, of at least one ethylenically-unsaturated monomer; 
and 

(ii) 0.05 to\25% by weight, based on the weight of said 
ethylenically-unsaturated monomer, of at least one free- 
radical initia^tor; and 

(2) continuously passing said reaction mixture through a heated zone 
wherein said reaction Viixture is maintained at a temperature of at 
least 150°C and a pressure of at least 30 bars for from 0.1 seconds 
to 4 minutes to form ternmially-unsaturated oligomers. 

A process for forming oligomers havin g a degree of polymerization of at 
least 4, comprising the steps of: 

(1) forming a reaction mixtiure,\ subst^tially free of carboxylic- 
containing monomers and tneir salts, co|mprising: 

(i) 0.5 to 99.95% by weight, baseaon the weight of said reaction 
mixture, of at least one e)^i3^enically-unsaturated monomer; 
and 

(ii) 0.05 to 25% by weight, bai^d on the weight of said 
ethylenically-unsaturated monoiper, of at least one free- 
radical initiator; and 

(2) continuously passing said reaction mixtuVe through a heated zone 
wherein said reaction mixture is maintained at a temperature of at 
least ISO'^C and a pressure of at least 30 ba^rs for from 0,1 seconds 
to 4 minutes to form terminally-unsaturated (Oligomers. 
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The process of claims 1 or 2, wherein step (2) is conducted in a tubular 
reacMir having no moving parts. 

The process of claims 1 or 2, wherein said ethylenically-unsaturated 
monomer is at least one monomer selected from the group consisting of n- 
alkyl(meth)aci3dates, branched alkyl(meth)acrylates, cycloalkyl 
(meth)acrylates, Nstraight chain or branched haloalkyl(meth)acrylates, 
aromatic alkyl(meth)acrylates, aromatic (meth)acrylates, 

hydroxyalkyl(meth)aorylates, heterocyclyl (meth)acrylates, aminoalkyl 
(meth)acrylates, ethe^containing (meth)acrylates, silicon-containing 
(meth)acrylates, (meth)alcrylamides, epoxide-containing (meth)acrylates, 
unsaturated alkyl(meth)aorylates, (meth)acrylate esters derived from 
(poly)unsaturated vegetable qils, terminal alkenes, aralkenes, heterocyclyl 
alkenes, dienes, vinyl halides, vinyl esters, vinyl ketones, aldehyde- 
containing vinyl functionality, epoxyalkenes, vinyl monomers, 
vinylsilanes, alkoxyvinylsilanes,\ unsaturated diesters, and functional 
(meth)acrylates. ^^^^--^V 

The process of claims 1 or 2, wherein ^aid reaction mixture comprises at 
least two different ethylenically-ur(^aturVted monomers. 

The process of claims 1 or 2, wherein saidVe^kttion mixture comprises at 
least three different ethylenically-unsaturaftea monomers. 

The process of claim 2, wherein said reaction mixture further comprises 
0% to 99.5% solvent. \ 

The process of claim 7, wherein said solvent is at least one solvent selected 
from the group consisting of tetrahydrofuran, acetone, ethyl acetate, 
methyl alcohol, butyl alcohol, hexane, heptane, benzene, toluene, xylene, 
carbon dioxide, water, and mixtures thereof. \ 



The process of claims 1 or 2, further comprising the step of: 
(3) hydrogenating said terminally-unsaturated ohgomers. 

The process of clhims 1 or 2 wherein said heated zone is maintained at a 
temperature of froA200°C to 500^C. 

The process of claims 1 or 2 wherein said heated zone is maintained at a 
temperature of from 275°c\o 450^C. 

The process of claims 1 or 2 wnterein said heated zone is maintained at a 
pressure of from 70 bars to 350 bai^. 

The process of claims 1 or 2 wherein isai d he ated zone is maintained at a 
pressure of from 200 bars to 300 barsyA 

The process of claims 1 or 2 wherein sasui reaction mixture is maintained 
in said heated zone for from 0.5 seconds to 2sj^in\^^0< 

The process of claims 1 or 2 wherein said re^tiW mixture is maintained 
in said heated zone for from 1 second to 1 minute. \ 

A process for forming oligomers of vinyl acetate, compHsing the steps of: 

(1) forming a reaction mixture, substantially nree of carboxylic- 
containing monomers and their salts, comprising: \ 

(i) 0.5 to 99.95% by weight, based on the weighft of said reaction 
mixture, of vinyl acetate; and \ 

(ii) 0.05 to 25% by weight, based on the weight W said vinyl 
acetate, of at least one free-radical initiator; and \ 

(2) continuously passing said reaction mixture through a Heated zone 
wherein said reaction mixture is maintained at a temperature of at 
least 150°C and a pressure of at least 30 bars for from O.i seconds 
to 4 minutes to form oligomers of vinyl acetate. 



A pro^ss for forming oligomers of vinyl alcohol, comprising the steps of: 
(1) fwming a reaction mixture, substantially free of carboxylic- 
containing monomers and their salts, comprising: 



mixture, of vinyl acetate; and 
(ii) O.Oos^to 25% by weight, based on the weight of said vinyl 
acetai^, of at least one free-radical initiator; 

(2) continuously passing said reaction mixture through a heated zone 
wherein said reaxrtion mixture is maintained at a temperatiu-e of at 
least ISO^'C and a\pressure of at least 30 bars for from 0.1 seconds 
to 4 minutes to fornrsoligomers of vinyl acetate; and 

(3) hydrolyzing said oligomers of vinyl acetate in the presence of a 
catalyst to form oligomers of vinyl alcohol. 

A process for forming oligome^ omrinyl alconql, comprising the steps of: 
(1) forming a reaction mixture, substantially free of carboxylic- 

containing monomers aniitheirv salts, comprising: 

(i) 0.5 to 99.95% by weiMit, based on the weight of said reaction 



mixture, of vinyl acetate>arxd>^ / 
(ii) 0.05 to 25% by weight, based on the weight of said vinyl 
acetate, of at least one free-radi^cal initiator; 

(2) continuously passing said reaction mixture through a heated zone 
wherein said reaction mixture is maintained at a temperature of at 
least 150**C and a pressure of at least 30\bars for from 0.1 seconds 
to 4 minutes to form oligomers of vinyl acetate; and 

(3) transesterifying said oligomers of vinyl aceWte with an alcohol in 
the presence of a catalyst to form oligomers ofVinyl alcohol. 



(i) 



.5 to 99.95% by weight, based on the weight of said reaction 




The process of claims 16-18 wherein step (2) is concmcted in a tubular 
reactor having no moving parts. \ 
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^mixture, comprising: 
(1) '^"'^^^ut 50 to 90% by weight, based on the weight of the mixture, of a 
first oligomer having terminal unsaturation of Formula (I): 




(I) 




rhere at least one of and is an endgroup of the formula: 

A 




(II) 

and when akdy one of said E^ and E^ is an endgroup of Formula (II) 
then said oth^of said E^ and E^ is selected independently from H, 
A \ A A 



or 




and where 
A, A' and A' = 



independently selected from -H; 

Cj^5o straight-chain or branched alkyl, 
optionally substituted with a Y group; 
Cg-Cg^traight-chain or branched alkenyl 
contaiimig 1-5 double bonds, optionally 
substituted with 1-2 Y groups; 
Cg-Cg cycloalkyl, Cg-Cg cycloalkenyl; 
phenyl, (Cl\)^-phenyl, 1- or 2-naphthyl; 
-(C=0)H; -C(IDR^),H; 
-(C=0)R\ -(C^)CF3; -C(OR')2R'; 
-(C=0)OR, -0(0^0)R'; -(C=0)C1; 
.0(C=0)OR'; -Ol 

-(C=0)NH„ -(C=0>NHR\ .(C=0)N(R')2, 
.NH(C=0)RS -NH(0^0)H, 
-(C=0)NH(CHJ (NhV^'(X)^-^ 
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N 



-(C=0)NH(CH,)JNR'),; 

-Si(OR')3, -Si(OR'),R', -Si(OR')(R^), 

-Si(R')3; 

-F, -CI, -Br, -I; 

-C=N; oxiranyl; 

-NH(C=0)NH2, -NH(C=0)NHR', 
-NH(C=0)N(R'),; 



N 




N 

\ 




\ -CHgC^Fa^^i, -CHgCHgC^Fg^^i -CH(CF3)2, - 
\ CH2C„F2^H, -CH2 CH2C„F2^H; 
YP(=0)(0R^)3; .S(=0)2(0R^); -S(=0),R^ 

independently selected from -H, -F, -CI, -Br, R*; 

independently fleeted from -H, -CH3, -(CH2)„C02R', 
-F, -CI, -Br, -I; \ 

independently seleMed from -H, -C=N, -(C=0)0RS -F, 
-CI, -Br, -I; \ 

Cj-Cg straight-chain oAbranched alkyl, -OR^, residue 
from radical decomposition of azo initiators 
(azonitrile, azoamidine, Wclic azoamidine, azoamide, 
azoalkyl classes) such as aC(R^)2C=N; 

Cj-Cgo straight-chain or branched alkyl, 

C2-C50 straight-chain or branched alkenyl containing 1- 

5 double bonds; \ 

Cg-Cg cycloalkyl, C^-Cg cycloalkenyl; 

phenyl, (CH2)„-phenyl, 1- or 2-haphthyl, 

-4-benzoylphenyl (where any pkenyl group may be 

substituted with up to 2 R'^), anVhracenyl, 

anthraceny Imethyl ; \ 

-(CH2)^0(C=0)RS -(CH2)„(C=0)0y; 

-(CH2)„(C=0)R^ \ 

-(CH2) JC=0)NH2, -(CH2) JC=0)Ni4r\ 

-(CH2UC=0)NH(R^)2; \ 

-(CH2)^N(R^)2, -(CH2)^NH3^*>X^->; \ 

-(CH2)^ORS -(CH2CH20)„RS -(CH2CA(CH3)0)^R\ 

-2-tetrahydrofuranyl; \ 
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-(CH2)ni— J 



-(CH3)„N=C=0; 

-CH2C„F2„^i, -CH2CH2C„F2„^i -CIKCFj)^, -CH2C„F2„H, 
-CHgCH^C^Fg^H; 

O 

/\ 

y(CH2)m HC CH 2 linear alkanes containing 1-5 

)oxy groups derived from (poly)unsaturated vegetable 
oils; 

<(^,\OH, -(CH2CH20)„H, -[CH2CH(CH3)0]„H; 

2)„Si(OR^)3, -(CH3)„Si(R')(OR^)2, 
-(Cll.)„Si(R')20R', -(CH2)„Si(R^)3; 



o 

A 



-(CH2)m-N' NH 



-(CH2)„0(C=\))CH,(C=0)R'; 



independently selected from Cj-Cg straight chain or 
branched alkyl where (R*)2 may constitute a Cg-Cg 
cycloalkyl group\ phenyl, -CHgphenyl; 
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R"" 



R' 



R* 



Y 



Cj-Cg straight cham or branched alkyl, Cj-Cg straight 
chain or branched Vlkoxy, -CHO, -(C=0)0R1, -NCR*)^, 
-NO2, -(C=0)N(R')„\-CF3, -(C=0)R*; -F, -CI, -Br, -I; 

-H, Ci-Cg straight cha^n or branched alkyl, -R*(C=0), 
-R*(C=0)0; 

C,-C,8 straight-chain alkyl, C5-C3 cycloalkyl wherein 
the two adjacent R^groiVps may together form a 5-8 
membered ring, Cj-C^ alkoxy-substituted straight- 
chain or branched Ci-Cga^kyl groups; 

-F*- -CI", -Br", -I", -HSO;\ -H^POj"; 

-OH, -F, -CI, -Br, -I, -NH„ -r^R*)^; 
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1-8 

1- 18 

2- 8 
0-49 
0-49 



A^jc(2) about 10 to 




0-49 
< 49; and 

eight, based on the weight of the mixture, of a second 



oUgomer of Formula (I), 



3: 





E 





independently selected from H, 
A A 



or 




A, A' and A' = 



15 



20 



independently selected from -H; 

Cj-Cgo straight-chain or branched alkyl, 
optionally substituted with a Y group; 
^Cj-Cgo straight-chain or branched alkenyl 
)ntaining 1-5 double bonds, optionally 
^tituted with 1-2 Y groups; 
Cg-C^ycloalkyl, Cg-Cg cycloalkenyl; 
phen3a\(CH2)„-phenyl, 1- or 2-naphthyl; 
-(C=0)H^^C(OR'),H; 
-(C=0)RS\C=0)CF3; -C(OR')2R'; 
-(C=0)OR, -Ol(C=0)R'; -(C=0)C1; 
-0(C=0)OR'; 

-(C=0)NH„ -(C=ISONHR\ -(C=0)N(R')3, 
-NH(C=0)R\ -NH0C=O)H, 



-(C=0)NH(CHJ„(N1 
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-(C=0)NH(CH,)JNR')> 
-Si(OR')3, -Si(OR'),RS -Si^pR'XR'),, 
-Si(R*)3; 
-F, -CI, -Br, -I; 
-CsN; oxiranyl; 

-NH(C=0)NH2, -NH(C=0)NHRS 
-NH(C=0)N(R')2; 



# # 



N 





N' 



N 

\ 




N' 



G^G'= 

Q 



R 



'CH^CF^^^^, -CH2CH2C^F2„^, -CH(CF3)2, - 
CHgC^Fg^H, -CH2 CHgC^Fg^H; 
-P(=0)(0R*)3; -S(=0)2(0R^); -S(=0)2R^ 

Independently selected from -H, -F, -CI, -Br, R*; 

>endently selected from -H, -CH3, -(CH2)^C02R\ 
-F, -01, -Br, -I; 



indepeni 
-CI, -Br, 



iently selected from -H, -C=N, -(C=0)OR', -F, 



Cj-Cg straigM-chain or branched alkyl, -OR', residue 
from radical decomposition of azo initiators 
(azonitrile, azoWmidine, cyclic azoamidine, azoamide, 
azoalkyl classes\such as -C(R*)2C=N; 

Cj-Cgo straight-cham or branched alkyl, 
C2-C50 straight-chainSpr branched alkenyl containing 1- 
5 double bonds; 

Cg-Cg cycloalkyl, Cg-Cg ^^cloalkenyl; 
phenyl, (CH2)^-phenyl, A or 2-naphthyl, 
-4-benzoylphenyl (where aJiy phenyl group may be 
substituted with up to 2 R>^, anthracenyl, 
anthracenylmethyl; 
-(CH2)„0(C=0)R\ -(CH2)^(C=\?)OR^ 
-(CH2)^(C=0)R^ 

-(CH2) JC=0)NH2, -(CH2)„(C=0)VHR\ 
-(CH2)JC=0)NH(R^)2; 
.(CH2)^N(R^)2, -(CH2)^NH3^*>X^'>; 
-(CH2)„ORS .(CH2CH20)„RS -(CH2(5ip(CH3)0)„R\ 
-2-tetrahydroftiranyl; 
-(CH,)„N=C=0; 

-CH2C„F2„^i, -CH2CH2C„F2„^i -CH(CF3)2, VpiijC^Fj^H, 
-CH,CH,C„F3„H; 
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/\ 

-(CH2)m HC CH2^ linear alkanes containing 1-5 
epoxy groups derived from (poly)unsaturated vegetable 

oils; 

-(CH,)^OH, -(CH,CH,0)^H, -[CH,CH(CH3)0]„H; 
r(CH,)„Si(OR*)3, -(CH,)„Si(R*)(OR')2, 
-\CH3)„Si(R'),OR\ -(CH,)„Si(R^)3; 
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-(CH2)nr-N^ O 



R' 



R^ 



R" 



R* 
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-(CH^m-N 





O 

A 

f NH 



-(CH2)m-N 
-o • W 
-(CHJ O(^=0)CH,(C=0)R'; 



independentlAselected from Cj-Cg straight chain or 
branched alkylV/here (R')2 may constitute a Cg-Cg 
cycloalkyl group^henyl, -CH^phenyl; 

C,-Cg straight chairi or branched alkyl, C^-C^ straight 
chain or branched alkoxy, -CHO, -(C=0)0R1, -NCR*)^, 
-NO,, -(C=0)N(R')„ -(SF3, -(C=0)R*; -F, -CI, -Br, -I; 

-H, Ci-Cg straight chain\r branched alkyl, -R*(C=0), 
-R*(C=0)0; 

Cj-Cig straight-chain alkyl, yg-Cg cycloalkyl wherein 
the two adjacent Regroups may together form a 5-8 
membered ring, Cj-C^ alkoxy-substituted straight- 
chain or branched Cj-Cg alkyl groups; 

.F'~>, .Ct\ -Br", -I", -HSO; -H,P'b3"; 

-OH, -F, -CI, -Br, -I, -NH„ -N(R'),; 

1-8 

1- 18 

2- 8 
0-49 
0-49 
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The mixture of claim 20 wherein said oligomers are formed from at least 
one ethylenically-unsaturated monomer selected from the group consisting 
\^f n-alkyl(meth)acrylates, branched alkyl(meth)acrylates, cycloalkyl 
(m^h)acrylates, straight chain or branched haloalkyl(meth)acrylates, 
arom^ic alkyl(meth)acrylates, aromatic (meth)acrylates, 

hydroxy^kyl(meth)acrylates, heterocyclyl (meth)acrylates, aminoalkyl 
(meth)acry fates, ether-containing (meth)acrylates, silicon-containing 
(meth)acrylateis, (meth)acrylamides, epoxide-containing (meth)acrylates, 
unsaturated alRs/l(meth)acrylates, (meth)acrylate esters derived from 
(poly)unsaturated vegetable oils, terminal alkenes, aralkenes, heterocyclyl 
alkenes, dienes, vin^ halides, vinyl esters, vinyl ketones, aldehyde- 
containing vinyl functionality, epoxyalkenes, vinyl monomers vinylsilanes, 
alkoxyvinylsilanes, unsatin^ted diesters, and functional (meth)acrylates. 

A composi^Km, consisting essentially of: 
(a) at leasttme oligomer of the formula: 



(I) 



where 

A, A' and A' = 



JL 



^2 



independentiy fleeted from -H; 

Cj-Cgo straight-chain or branched alkyl, 
optionally substituted with a Y group; 
C2-C50 straightvchain or branched alkenyl 
containing 1-5 double bonds, optionally 
substituted with\-2 Y groups; 
Cg-Cg cycloalkyl, C^SCg cycloalkenyl; 
phenyl, (CH2)„-phenyJ, 1- or 2-naphthyl; 
.(C=0)H; -C(OR')2H; 
-(C=0)R\ -(C=0)CF3; -bixm^)^\ 
-(C=0)OR, -0(C=0)R^ -(1C=0)C1; 
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-0(C=0)OR'; -OR; 

-(C=0)NH2, -(C=0)NHR', -(C=0)N(R'), 
-NH(C=0)RS -NH(C=0)H, 
-(C=0)NH(CH,) JNHgf '(X)'-' , 
-(C=0)NH(CH,)JNR*),; 
-Si(OR')3, -Si(OR'),RS -Si(OR')(R')„ 
-Si(R')3; 
-F, -CI, -Br, -I; 
C=N; oxiranyl; 

H(C=0)NH2, -NH(C=0)NHRS 
.1\H(C=0)N(R^)2; 




N" 



N 

\ 




N' 



-CH2C„F2„^j\-CH2CH2C„F2„^, -CH(CF3)2, 

H2C„F2^H; 
P(=0)(Qll^)A-S(=d\(OR^); -S(=0)2R'; 



A^= independently selectedSfroim-H, -Fj -CI, -Br, R^; 

= independently selected from^ 
A A A 



G"" = independently selected from -H, -CH\ -(CH2)„C02R', 
-F, -CI, -Br, -I; 

M' = independently selected from -H, -C=N, \c=0)OR', -F, 
-CI, -Br, -I; 

= C^-Cg straight-chain or branched alkyl, -OK^, residue 
from radical decomposition of azo initiator 
(azonitrile, azoamidine, cyclic azoamidine, ^zoamide, 
azoalkyl classes) such as -C(R^)2CsN; 

= Cj-C^o straight-chain or branched alkyl, 

C2-C50 straight-chain or branched alkenyl cont^ning 1 
5 double bonds; 



(CH2)m— N 



Ci-Cg cycloalkyl, C^-C^ cycloalkenyl; 
phtenyl, (CH2)„-phenyl, 1- or 2-naphthyl, 
-4-Denzoylphenyl (where any phenyl group may be 
substituted with up to 2 R*), anthracenyl, 
anthmcenylmethyl ; 
-(CH,)\0(C=0)R', -(CH,)„(C=0)OR^ 
-(CH,)\C=0)R^ 

-(CH,)^(C=0)NH„ -(CH,)„(C=0)NHR', 
-(CH3)jd=0)NH(R*),; 
-(CH,)„N(y )„ -(CH,)„NH3'^^'->; 
-(CH,)„0R\-(CH,CH,0)„R',-(CH,CH(CH3)0)„RS 
-2-tetrahy drpfuranyl ; 
-(CH,)„N=C= 



-CH,CH,C„F3„. 

o 



2CH2C„F2„^, -CH(CF3)2, -CH2C„F2„H, 



/\ 



-(CH2)m HC CH\ linear alkanes containing 1-5 
epoxy groups derived from (poly)unsaturated vegetable 
oils; 

-(CH,)pOH, -(CH,CH>m H, -[CH,CH(CH3)0]„H; 

-(CH,)„si(OR')3,^^(:rEqm(R')(OR'),, 

-(CH,)„Si(R'),04S -(C%)„S1<R')3; 



-(CH2)m-N' 




o 

A 

[ NH 

w 



-(CH,)„0(C=0)CH3(C=0)R'; 



R* 



independently selected from Cj-fcg straight chain or 
branched alkyl where (R*)^ may opnstitute a C5-C3 
cycloalkyl group; phenyl, -CHgphc^yl; 



R* 



C,-Cg straight chain or branched alkyl, Ci-Cg straight 
chain or branched alkoxy, -CHO, -(G=0)0R1, -NCR')^, 
-NO,, -(C=0)N(R*)2, -CF3, -(C=0)R^ V. -CI' "Br, -I; 



R' 



-H, Cj-Cg straight chain or branched a^kyl, -R'(C=0), 
-R'(C=0)0; 



R^ 



C,-Ci8 straight-chain alkyl, Cg-Cg cycloalkyl wherein 
the two adjacent Regroups may togethen form a 5-8 



